Seasonal variations in the taste aspects and free amino acid composition of black sea urchin (Diadema setosum) gonad caught offshore Nagasaki were investigated to utilize it as a foodstuff. Biological data, proximate composition and free amino acid composition of the gonad were analyzed throughout the year. The free amino acid composition of black sea urchin gonad caught in June showed the highest glycine and alanine levels. Sensory evaluation of artificial extracts suggested that the taste of black sea urchin gonad caught in June was the most preferable and did not significantly differ from that of the highly palatable northern sea urchin. These findings suggest that the taste aspects of sea urchin exhibit seasonal variation. Furthermore, black sea urchin can be utilized as a foodstuff, and its palatability is seasonally dependent.
Introduction
Recently, expansion of denuded rocky shore areas, called "Isoyake" in Japan, has been observed along coastal areas throughout the world (Sivertsen, 1997; Hernandez et al., 2010) . The main cause of this phenomenon is the overconsumption by herbivorous marine animals, such as the black sea urchin (Diadema setosum), purple sea urchin (Anthocidaris crassispina), rabbit fish (Siganus fuscescens), and brassy chub (Kyphosus vaigiensis). The disappearance of marine forests and expansion of denuded rocky shore areas has led to a decrease in available productive fish habitat, which in turn negatively impacts sound and sustainable fishery production (Yamamoto et al., 2010) . With a view to decreasing the overpopulation of herbivorous marine animals, their utilization has been studied by several researchers (Morinaka and Ando, 2011; Osako et al., 2005; Osako et al., 2006a; Osako et al., 2007) . However, these studies focused mainly on herbivorous fish species and no research currently exists on herbivorous animals, other than that of Osako et al. (2006a; 2007) which studied the utilization of purple sea urchin inhabiting Isoyake areas.
Sea urchin (Echinoidea) gonad is used as a foodstuff, such as in sauces, soups, creams or omelets (Piñeiro-Sotelo et al., 2002) . In Japan, sea urchin gonad is popularly used in sushi and sashimi, and is considered a delicacy. Therefore, the commercial value of sea urchin gonad is typically very high. The black sea urchin, whose propagation is known to be a cause of Isoyake, is not currently used as a foodstuff due to its unfavorable taste; thus, this sea urchin has low commercial value and is not harvested. We postulate that Isoyake might be ameliorated with increased utilization of black sea urchin, via improvement of gonad palatability and content. For this purpose, we previously reported the taste components and characteristics of black sea urchin gonad in comparison with those of other sea urchin gonads (shortspined sea urchin Strongylocentrotus intermedius, northern sea urchin S. nudus, and Chilean sea urchin Loxechinus albus), and clarified that the extremely low sweet-taste amino acid content of black sea urchin gonad is the main reason for its low palatability (Kaneko et al., 2009) .
On the other hand, seasonal variation in the free amino acid (FAA) composition of purple sea urchin gonad was reported (Osako et al., 2007) . From this report, it can be suggested that the FAA composition of black sea urchin gonad also varies throughout the season, resulting in seasonal variatract of the December sample, considered the optimal season for black sea urchin among fishermen, was also prepared. As control, an artificial extract corresponding to northern sea urchin (S. nudus) gonad, which is popular in Japan, was prepared following the report of Hirano et al. (1978) .
Taurine, aspartic acid, threonine, serine, glutamic acid, glycine, alanine, valine, methionine, isoleucine, leucine, tyrosine, phenylalanine, histidine, lysine, and arginine were diluted in distilled water at the same final concentration as found in sea urchin gonads. Since pH is known to affect taste, pH was also adjusted to the same value as found in gonad samples by the addition of NaOH or HCl. The pH of northern sea urchin artificial extracts was adjusted to the same value as that of the black sea urchin exhibiting the most preferable amino acid composition. Amino acid composition and pH values are shown in Table 1 .
Sensory evaluation Sensory characteristics of the artificial extracts of black sea urchin gonad were evaluated, using the paired preference test, by 15 panelists (age, 21 − 25 years; men : women = 10 : 5) who were students of the Tokyo University of Marine Science and Technology. All panelists were untrained in sensory evaluation. The taste strength/ favorability of artificial extracts was evaluated according to: sweetness, bitterness, umami, taste strength, and taste preference. Differences between artificial extract characteristics of the two types of sea urchin were analyzed according to Furukawa (1994) . Values were considered statistically different at p < 0.05.
Results
Biological data and GSI Shell height, shell width, body weight, gonad weight, and GSI are given in Table 2 . GSI tions in taste aspects.
Therefore, we clarified the seasonal variation of FAA composition in black sea urchin gonad.
Materials and Methods
Materials Black sea urchin samples were collected from the coastal waters of Kogakura, Nagasaki City (Nagasaki Prefecture, Japan), monthly from April 2008 to March 2009 (Fig. 1) . After shell height, shell width (cm), and body weight (g) were determined, samples were dissected, and the gonads were removed and weighed (g). Gonad samples were stored at −30℃ until use (within one month).
Gonadosomatic index Gonadosomatic index (GSI) was calculated according to Eq. 1. GSI = Gonad weight (g) / Body weight (g) × 100
Eq. 1
Color measurements For each gonad, L* (lightness), a* (red-green chromaticity), and b* (yellow-blue chromaticity) values were determined using a Color Reader (CR-13, Konica Minolta Sensing, Inc., Osaka, Japan).
Proximate composition analyses Gonads of 10 black sea urchin specimens were pooled and homogenized using an ice-cooled mortar. The homogenate was used for proximate composition analyses. Moisture, crude ash, crude protein, and crude lipid contents were analyzed according to the procedures reported previously (Kaneko et al., 2009) . Crude carbohydrate content (% total composition) was calculated by subtracting the other components from the total. pH of the homogenate, diluted five times with ion-exchanged water, was determined using a pH meter (F-22, HORIBA, Ltd., Kyoto, Japan).
FAA composition analysis Trichloroacetic acid extracts of gonad were obtained from 5 g of individual gonad tissue (n = 5) following the procedure of Konosu et al. (1974) . The extract was diluted 10-fold with ion-exchanged water, and filtered through a cellulose membrane filter (0.45 μm, Toyo Roshi Kaisha, Ltd., Tokyo, Japan). A portion of the filtrate was used for FAA analysis, using an amino acid analysis system (Prominence, Shimadzu, Kyoto, Japan) equipped with a column (Shim-pack Amino-Li, 100 mm × 6.0 mm i.d.; column temperature, 39.0℃; Shimadzu) and pre-column (Shimpack ISC-30/S0504 Li, 150 mm × 4.0 mm i.d. Shimadzu). Amino acids were detected using a fluorescence detector (RF-10AXL, Shimadzu).
Preparation of artificial extracts To clarify the taste aspects of black sea urchin gonad, artificial sea urchin gonad extracts were prepared, in reference to the results of FAA analysis, for use in sensory evaluation. Artificial extracts of black sea urchin gonad that exhibited the most and the least preferable FAA compositions were prepared. An artificial ex- from April to June (65.6 − 76.4%), showed a consistently high value between June and August (75.2 − 76.4%), and then decreased until October (75.4 − 64.6%). Thereafter, it showed low values until March (63.9 − 66.5%). In contrast, crude lipid content decreased from April to June (6.6 − 3.6%), increased until October, (3.6 − 6.9%) and was maintained at relatively high values until March (6.3 − 6.9%). Crude protein and crude ash contents showed only slight variation showed seasonal variation; the values increased from April to July (10.4 − 19.9) and decreased from July to September (19.9 − 11.1), and showed consistently low values between September and March (9.3 − 13.6). Shell height, shell width, body weight, and gonad weight also varied among the seasons; however, there were no seasonal tendencies.
Proximate composition Proximate composition of sea urchin gonad is shown in Table 3 . Moisture content increased Seasonal Variations in Free Amino Acid and Taste of Black Sea Urchin Gonad Table 1 . Amino acid composition and pH of artificial sea urchin gonad extracts (mg/L).
Diadema setosum Strongylocentrotus nudus May 1)
June December Taurine  4420  4580  3710  780  Aspartic acid  50  70  60  0  Threonine  230  360  40  480  Serine  150  190  30  1030  Glutamic acid  260  720  110  1150  Glycine  1260  3470  700  5810  Alanine  380  1990  170  2040  Valine  850  810  120 1) Indicates when the sea urchin was caught. 2,3,4) "Sweetness", "Bitterness", and "Umami" mean total amount of sweet-tasting amino acids, bitter-tasting amino acids, and umami-tasting amino acids, respectively. 2008-April (n = 21) 2.9 ± 0.6 2)
5.7 ± 1.1 71.4 ± 31.1 8.2 ± 6.1 10.4 ± 3.6 May (n = 23) 2.8 ± 0.6 5.4 ± 1.2 62.1 ± 30.6 9.7 ± 6.6 14.4 ± 4.7 June (n = 29) 2.5 ± 0.8 4.8 ± 1.3 54.9 ± 34.5 10.3 ± 8.3 16.1 ± 6.7 July (n = 27) 2.8 ± 0.7 5.1 ± 1.0 39.7 ± 23.0 9.0 ± 9.3 19.9 ± 9.9 August (n = 26) 3.4 ± 0.6 6.1 ± 0.8 60.4 ± 16.5 8.1 ± 3.6 13.6 ± 5.9 September (n = 28) 2.7 ± 0.6 5.7 ± 2.1 45.4 ± 23.1 5.6 ± 4.7 11.1 ± 5.1 October (n = 27) 3.2 ± 0.8 5.7 ± 1.3 59.9 ± 36.4 8.5 ± 6.0 13.6 ± 4.5 November (n = 28) 2.8 ± 0.7 5.3 ± 1.2 45.4 ± 23.1 5.6 ± 4.7 11.1 ± 5.1 December (n = 25) 3.4 ± 0.9 6.1 ± 1.3 68.7 ± 39.2 9.7 ± 7.7 12.7 ± 5.9 2009-January (n = 25) 3.5 ± 0.6 6.5 ± 1.1 77.7 ± 36.1 10.8 ± 8.1 13.3 ± 6.9 February (n = 26) 2.9 ± 0.9 5.3 ± 1.5 53.6 ± 37.5 6.4 ± 6.0 10.3 ± 5.0 March (n = 25) 3.3 ± 0.9 6.2 ± 1.3 73.8 ± 35.2 7.6 ± 7.3 9.3 ± 6.0 1) GSI = gonad weight (g) / body weight (g) × 100.
2) Data are shown as mean ± standard deviation.
mg/100 g, 6.9 − 22.2%; lysine 93.2 − 244.1 mg/100 g, 5.8 − 14.0%; alanine 22.9-260.9 mg/100 g, 1.6 − 11.2%; and arginine 112.6 − 480.5 mg/100 g, 9.9 − 19.2%, respectively). The taurine content in black sea urchin gonad decreased from April to July (857.1 − 380.8 mg/100 g) and was maintained at high values between August and March (580.6 − 755.6 mg/100 g). Glycine content increased from April to June (131.0 − 453.6 mg/100 g), decreased from June to October (453.6 − 104.0 mg/100 g) and showed a consistently low value until March (104.0 − 166.8 mg/100 g). Alanine content showed a similar tendency to glycine content; it increased from April to June (25.7 − 260.9 mg/100 g), decreased until October (260.9 − 27.7 mg/100 g) and was maintained at a low value between October and March (22.9 − 38.1 mg/100 g). Thus, both glycine and alanine showed the highest levels in June (453.6 mg/100 g and 260.9 mg/100 g, respectively). throughout the year (14.1 − 17.0% and 1.8 − 2.6%, respectively). Crude carbohydrate content showed consistently high values from April to May (10.6% − 11.7%), and then decreased to show the lowest value in August (11.7 − 0.1%). Thereafter, the values rapidly increased until December (0.1 − 10.8%) and were maintained at high values until March (9.5 − 11.3%).
Color L*, a*, and b* values did not show seasonal variations (14.47 ± 2.70, 21.03 ± 7.80 and 31.27 ± 6.50, respectively). The color of the sea urchin gonad was ocher, regardless of the fishing season.
FAA composition Seasonal FAA composition in the sea urchin gonad is shown in Table 4 . In general, taurine was the dominant FAA throughout the year (380.8 − 857.1 mg/100 g, 25.7 − 56.3%). Glycine, lysine, alanine, and arginine were also present at moderate levels (glycine 104.0 − 453.6 k. kaneko et al. 45.7 ± 10.5 (2.6) 103.2 ± 67.3 (6.1) 96.9 ± 70.6 (7.0) 49.9 ± 17.2 (5.0) 59.9 ± 24.2 (6.1) 1) Data are shown as mean ± standard deviation (percentage of total free amino acid).
2) ND, not detected. 3,4,5) "Sweetness", "Bitterness" , and "Umami" mean total amount of sweet-tasting amino acids, bitter-tasting amino acids, and umamitasting amino acids, respectively.
tasting amino acid content in June and July (103.2 mg/100 g and 96.9 mg/100 g, respectively) was higher than in any other month (27.0 − 59.9 mg/100 g). From the results, it could be expected that black sea urchin caught in June might have the most preferable taste, while sea urchin caught in May would present an unfavorable taste. Sensory evaluation of artificial extract From the results of FAA analysis, black sea urchin caught in June has the most preferable taste, and that caught in May has the most unfavorable taste. Therefore, corresponding artificial extracts were prepared as the most preferable and the most unfavorable tasting gonad samples, respectively.
As shown in Table 5 , the sweetness, umami, and taste preference scores of the artificial gonad extract of black sea FAAs are classified into sweet-tasting amino acids (threonine, serine, glycine and alanine), bitter-tasting amino acids (valine, methionine, isoleucine, leucine, tyrosine, phenylalanine, histidine, lysine and arginine), and umami-tasting amino acids (aspartic acid and glutamic acid) according to Funatsu et al. (2000) Total sweet-tasting amino acid content increased from April to June (172.0 − 785.5 mg/100 g), decreased until October (785.5 − 148.8 mg/100 g) and remained at a low level until March (148.0 − 220.4 mg/100 g). The observed seasonal variation was similar to that of glycine and alanine, both of which are dominant sweet-tasting FAAs in gonad. Total bitter-tasting amino acid content was the highest in sea urchin caught in May (1469.0 mg/100 g) and varied (439.1 − 811.5 mg/100 g) during the rest of the year. Total umami- .3) 45.6 ± 10.7 (5.5) 27.0 ± 7.6 (4.4) 36.4 ± 4.0 (4.9) 41.6 ± 7.7 (6.2) 41.5 ± 9.8 (4.4) 1) Data are shown as mean ± standard deviation (percentage of total free amino acid).
Seasonal Variations in Free Amino Acid and Taste of Black Sea Urchin Gonad
2) ND, not detected. 3,4,5) "Sweetness", "Bitterness" , and "Umami" mean total amount of sweet-tasting amino acids, bitter-tasting amino acids, and umamitasting amino acids, respectively. Color The color of commercial sea urchin gonads (i.e., purple sea urchin or northern sea urchin) is typically orange or red-orange, and is derived from carotenoids contained in the food, such as macro algae (Tsushima, 2007) . Osako et al. (2006b) also reported that the L*, a*, and b* values of purple sea urchin gonad collected at subtidal barrens were 32.0, 5.4, and 4.1, respectively. These values indicate an orange color. On the other hand, in this study, the color of black sea urchin gonad was ocher (L* 14.47 ± 2.70, a* 21.03 ± 7.80, and b* 31.27 ± 6.50). Differences in gonad color between black sea urchin and a typical commercial sea urchin might be due to species differences. Moreover, black sea urchin may be unable to accumulate the food-derived carotenoids in the gonad.
FAA composition There are a number of factors that affect the taste of seafood, such as minerals, nucleotides, FAAs, and sugars. Among these components, FAA is known as a pivotal factor with respect to sea urchin gonad flavor (Komata, 1964) . We previously reported that the unfavorable taste of black sea urchin gonad was due to its low glycine and alanine contents compared to commercially available sea urchin gonad (Kaneko, 2009 ). The highest glycine and alanine contents were observed in black sea urchin caught in June (453.6 mg/100 g and 260.9 mg/100 g, respectively), suggesting that sea urchin caught in this season has the most preferable taste. Komata et al. (1962) reported that highly palatable Japanese green sea urchin (Hemicentrotus pulcherrimus) contained 842 mg/100 g of glycine and 261 mg/100 g of alanine. Hirano et al. (1978) reported that the northern sea urchin caught in season contained 743 mg/100 g of glycine and 164 mg/100 g of alanine in the ovary, and 766 mg/100 g and 269 mg/100 g in the testis, respectively. According to the above literature, the black sea urchin contained relatively low amounts of glycine and alanine (annual average of 183.5 ± 155.9 and 64.5 ± 116.8 mg/100 g, respectively) compared to other edible sea urchin, even when it exhibits the highest amount of glycine and alanine (453.6 mg/100 g and 260.9 mg/100 g, respectively).
Total sweet-tasting amino acid content, including glycine and alanine, of black sea urchin gonad caught in June (785.5 mg/100 g) was the highest. However, the content was lower than that of Japanese green sea urchin gonad (1327 mg/100 g) and northern sea urchin gonad (1240.4 mg/100 g).
The content of bitter-tasting amino acids of black sea urchin gonad caught in June (811.5 mg/100 g) was the highest of any season, except for sea urchin caught in May; however, the June sample content was lower than that of Japanese green sea urchin and northern sea urchin gonads (1299 mg/100 g and 1493.9 mg/100 g, respectively). urchin caught in June (AEBS-J) were significantly higher than those of both artificial extracts corresponding to gonad samples from May and December (AEBS-M and AEBS-D). Conversely, bitterness and taste strength scores of AEBS-J were lower than those of AEBS-M and AEBS-D. These results indicated that black sea urchin caught in June is the most preferable. Next, AEBS-J was compared to the artificial gonad extract of northern sea urchin. No significant differences in scores (sweetness, bitterness, umami, taste preference), other than for taste strength, were observed.
Discussion
Biological data GSI, which represents the ratio of gonad weight to body weight, is frequently used as an indicator of gonad maturation, since gonad maturation in numerous marine animals is accompanied by increased gonad weight. On the other hand, no significant relationship exists between GSI and gonad maturation in the case of sea urchin (Unuma, 2009) , since sea urchin gonad cell types differ from those of other marine animals.
The gonad of sea urchins is composed of germ cells and nutritive cells (Unuma, 2009 ). The nutritive cell is unique to sea urchins. Other marine animals such as sea cucumber and sea stars, which belong to the same phylum as sea urchins, do not have a comparable cell type in their gonad (Unuma, 2009) . Nutritive cells are involved in nutrient storage for the developing germ cells (Walker, 1982) , and the observed increment in sea urchin gonad GSI value is dependent on increased nutritive cell levels (i.e., amount of food consumed) (Unuma, 2009) . Horii (1997) did not observe a relationship between gonadal maturation stage and GSI in purple sea urchin; however, a swift decrease in GSI was observed during the spawning period.
From our findings and the literature (Unuma, 2009; Walker, 1982) , it can be presumed that the spawning season of black sea urchin occurs from July to September, the period in which GSI decreases were observed.
Proximate composition It was reported that foodderived protein, lipid and glycogen are stored in the nutritive cells of sea urchin gonad, and used for gonadal maturation (Walker et al., 2006) . Due to these body processes, it is known that protein, lipid, and glycogen contents in the gonad decrease, whereas moisture content increases, during gonadal maturation (Walker et al., 2006) . In the case of black sea urchin, crude lipid and protein contents decreased from April to June, carbohydrate content (including glycogen) decreased from May to August, and moisture content increased from April to June. This suggests that black sea urchin gonad maturation occurs between April and August. artificial extract might be attributed to humans' preference for sweetness rather than bitterness (Glendinning, 1994) .
In a comparison of the artificial extracts of the June and December samples, both sweetness and umami scores were higher for the June sample, whereas bitterness was higher for the December sample. These results correspond well with the FAA composition of both samples.
No statistical differences in the sensory evaluation of extracts from the June sample and northern sea urchin, except for taste strength, were observed. This result coincides with the results of FAA composition, in that the proportions of sweet-, bitter, and umami-tasting amino acids did not differ between them, but only total FAA was higher in the artificial extract of northern sea urchin. It is thought by fishermen that the optimal season for black sea urchin is the winter season. However, our results indicated that the taste of sea urchin caught in the winter season is inferior to that caught in June.
From the results, it was clarified that the gonad from black sea urchin caught in June is the most acceptable as a sea foodstuff, and its taste is comparable to northern sea urchin gonad, which has a high commercial value. In the present study, the optimal season for black sea urchin was determined to be June. However, seasonal variations, due to alterations in local climate, may influence palatability and commercial value on a yearly basis.
The content of umami-tasting amino acids in black sea urchin gonad from June and July was higher than any season (103.2 mg/100 g and 96.9 mg/100 g, respectively) and was almost the same level as that of Japanese green sea urchin gonad (107 mg/100 g), but lower than that of northern sea urchin gonad (152 mg/100 g).
The proportions of sweet-, bitter-, and umami-tasting amino acids of black sea urchin gonad in June (46.2%, 47.7%, and 6.1%, respectively) were similar to those of Japanese green sea urchin gonad (48.6%, 47.5%, and 3.9%, respectively) and northern sea urchin gonad (43.0%, 51.8%, and 5.3%, respectively). This result suggests that the taste of these sea urchin gonads might be similar.
Of the FAAs, taurine was dominant in black sea urchin gonad throughout the year. Osako et al. (2006b) reported that when wild purple sea urchin caught in an Isoyake area was cultured with various feeds, the amino acid content increased regardless of the type of feed. Osako et al. reported that the gonad FAA composition of purple sea urchin fed various diets differed from that of the initial specimens or wild sea urchin, indicating that FAAs in the gonad were influenced by diet composition. On the other hand, in all purple sea urchin gonad samples, glycine was the dominant FAA, and this was constant both before and after cultivation. This result suggests that the principal amino acid composition of sea urchins, including black sea urchin, depends on differences in specific biological synthesis rather than diet.
Sensory evaluation of artificial extract From the results of FAA composition, the FAA proportions of black sea urchin obtained in June were presumed to be almost the same as those of commercially available sea urchins, such as Japanese green sea urchin and northern sea urchin. However, evaluation of the taste aspects by FAA composition alone is insufficient for evaluating gonad palatability. Therefore, we clarified the seasonal differences in the taste aspects of black sea urchin gonad by sensory evaluation of artificial extracts.
The results of sensory evaluation corresponded with those of FAA composition; the artificial extract of sea urchin in June showed higher sweetness and umami, and lower bitterness than that corresponding to sea urchin in May. The taste strength of the May artificial extract was higher than that of the June extract, though the total amounts of FAAs were almost identical. This may be due to higher amounts of total bitter-tasting amino acids in the May artificial extract than in the June artificial extract, since the detection threshold for bitter-tasting amino acids is low compared to that for sweet-tasting amino acids (Schiffman et al., 1979) . In general, bitter-tasting amino acids are hydrophobic and bind easily to bitter taste receptors. The reason for the higher taste preference score for the June artificial extract than for the May
